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CHAPTER 3 
 
 
 
METHODOLOGY 
 
 
 
 
In this chapter, several methods were taken to investigate the effect of different 
parameters for highest lignin removal in oil palm frond. First, Teramoto method used 
for characterization of oil palm frond before pretreatment. Next, alkaline pretreatment 
was used to remove lignin. Then based on results obtained from one factor at a time 
method (OFAT), screening factor for the lignin removal in oil palm frond was carried 
by using Design Expert software. Experiment was conducted according the data that 
obtained from Design Expert. 
 
 
Oil palm fronds (OPF) were obtained from local oil palm plantation in Felda Lepar 
Hilir, Pahang. The samples were chipped, dried, ground and sieved into size of less than 
1.0 millimeters (mm). Then, OPF was dried in an oven at temperature 105°C for 
minimum 3 hour and stored at room temperature in bag plastic before used for further 
analysis. 
 
 
Overall Methodology 
3.1    Preparation/ Processing of FPOPF 
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Determination of FPOPF composition (Extractives, Lignin, Hemicellulose, and 
Cellulose). The lignocelluloses content (cellulose, hemicellulose, lignin, reducing sugar) 
of raw oil palm frond were analyzed according to Ehman
 
while for extractives content 
and other composition by Teramoto et al (Teramoto et al, 2005).  
 
3.2.1 Lignocelluloses composition in OPF 
 
Characterization of OPF was analyzed according to the analytical procedure. The 
extractives of OPF were determined first by using two-step of Soxhlet extraction. First 
extraction was performed using water as a solvent for 8 hours. Upon completion of first 
extraction, the sample was weighed after being dried to a constant weight before 
proceeding with the next extraction. The second extraction was carried out using 
ethanol for 24 h. Holocellulose content comprising of celluloses and hemicelluloses was 
determined by removing the lignin from the sample by chlorination method (ASTM 
standard). 2.5 g of free extractives sample then were heated with 150mL water at 75°C. 
A 0.2mL of acetic acid and 2.0g of NaClO2 were added into the mixture. In every 1 h, 
0.2 mL acetic acid and 1.0g NaClO2 were added to the mixture for 3 h. After complete 
chlorination, distilled water and acetone was used to filter and wash the slurry. The 
remaining residue whuch is actually known as holocellulose was weighted after drying 
in a oven at 105°C for 24 h. Then, 1 g of holocellulose was soaked with 25 mL of 
17.5% NaOH solution and stirred for 40 min at 20°C. The mixture was filtered and 
washed using 40 mL of 10% acetic acid aqueous solution and 1 L of boiling water at 
two different stages. The remaining filtrate (α-cellulose) was dried in an oven before 
being weighed. Hemicellulose content in the sample was determined by subtracting the 
holocellulose content with the dry solid (α-cellulose) (Teramoto et al, 2005). 
 
 
3.2   Characterization of FPOPF 
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First, OPF sample was weighed for 12 gram. OPF sample was pre-soaked in mixture of 
sodium hydroxide and lime solution that have different concentration, then incubated in 
an microwave with desired temperature and time. For the alkaline-assisted ultrasonic, 
the same method is approach but by using ultrasonic probe. The OPF was then filtered 
and washed thoroughly with de-ionized water until all the solution is washed out to give 
neutral pH value before the sample was dried in the oven for 24 hour. After 24 hour, the 
sample was weighed to check the different weight before and after pretreatment. The 
OPF was kept for determination of lignin in biomass. All the experiment were repeated 
two times to check the reproducibility and average values. 
 
Figure 3-1: Ultrasonic Probe 
 
 
3.3    Alkaline Pretreatment of Lignocellulose Component in FPOPF 
 
 
Figure 3-2: Left : OPF sample that has been 
pre-soaked in mixture of lime and NaOH 
concentration. 
Right: OPF sample after dry in oven for 
24hour 
 
